Objective-To study the prevalence of ultrasonic hip joint eVusion and its relation with clinical, radiological and laboratory (ESR) findings in adults with hip pain. Methods-Patients (n=224) aged 50 years or older with hip pain, referred by the general practitioner for radiological investigation, underwent a standardised examination. The distance between the ventral capsule and the femoral neck, an increase in which represents joint eVusion, was measured sonographically. Joint eVusion was defined in three diVerent ways: "eVusion" according to Koski's definition, "major eVusion", and "asymmetrical eVusion" based on only individual side diVerences. Results-"EVusion" was present in 80 (38%), "major eVusion" in 20 (9%), and "asymmetrical eVusion" in 47 (22%) patients. Pain in the groin or medial thigh, pain aggravated by lying on the side, decreased extension/internal rotation/ abduction/flexion, painful external rotation, and pain on palpation in the groin showed a significant relation (adjusted for age and radiological osteoarthritis of the hip) with ultrasonic hip joint eVusion. "Major eVusion" showed a significant relation with an increased ESR. When patients with bilateral pain and increased ESR were excluded, a side diVerence in the range of motion of extension of the hip was shown to be a good predictor for "asymmetrical eVusion" (positive predictive value: 71%, negative predictive value: 80%). Conclusion-This study showed a relatively high prevalence of ultrasonic joint eVusion in adults with hip pain in general practice. Furthermore the results indicate a relation between joint eVusion and clinical signs.
History and physical examination supplemented with radiological investigation are the usual tools to reach a diagnosis in adults with hip pain, although ultrasonic examination has been added to the available techniques. The diagnostic value of ultrasonic examination of hip joints in children has been extensively studied, but there are few reports on hip joint sonography in adults. Signs of inflammation, such as joint eVusion, are not revealed by physical examination, because of the depth of the hip joint. With sonography, however, even small intra-articular eVusion of the hip joint can be detected by measuring the distance between the neck of the femur and the joint capsule.
1-3 Joint aspiration confirmed that an enlarged ultrasonic distance reflects joint eVusion (or sometimes active synovitis without eVusion). 2 4 Inflammatory joint diseases, such as rheumatoid arthritis and septic arthritis, are often accompanied by joint eVusion. [4] [5] [6] In healthy adults on the other hand hip joint eVusion is very uncommon. 1 The prevalence in less severe, or early stage hip disorders is, however, not well documented. We neither know which symptoms nor signs in early or less severe hip disorders relate to joint eVusion. Földes et al showed a positive correlation between nocturnal pain and joint eVusion in patients from a rheumatology centre and in patients who underwent total hip replacement. 7 Joint eVusion may also have therapeutic consequences. A decrease of the enlarged ultrasonic distance after intra-articular corticosteroid injections in patients with chronic inflammatory joint disease has been shown. 4 7 However, as in the other studies on sonography of the hip joint, the patients showed severe or late stage of hip disease, or both.
Before considering a more routine application of ultrasonic investigation in less severe or early stage hip disease, the prevalence of ultrasonic hip joint eVusion, and its relation with physical, radiological, and laboratory findings in patients with early stage hip disease should be established. This study investigates these questions in adult patients consulting the general practitioner for pain in the hip.
Methods

PATIENTS
During 1996 in two general hospitals in Rotterdam, consecutive patients aged 50 years and older with pain in the hip region persisting for one month up to two years, who were referred by the general practitioner for radiological investigation of the hip, were eligible for inclusion. Exclusion criteria were a suspected fracture or tumour on the radiological request, impossibility of history taking or physical examination because of comorbidity, and a hip arthroplasty on the painful side. All patients were asked to give written informed consent. Approval for this study was obtained by the ethical committees of both hospitals.
METHOD MEDICAL HISTORY AND PHYSICAL
EXAMINATION
The medical history and physical examination in all patients were done by one observer and were measured and recorded in a standardised manner. Data concerning pain location, pain endurance, onset and character, pain aggravation, morning stiVness and daily activities were collected. Pain was defined as pain during the past week. The patients had to point out the pain location(s) and specify the location(s) where the pain was worst. Pain severity was determined by a linear analogue scale (zero representing no pain and 10 the worst imaginable pain). Physical examination included pain provocation on palpation and on passive hip movement. Passive hip motion was measured with a two arm goniometer, which had shown equal reliability (intraobserver SD 3.5 degrees) as an electronic inclinometer. 8 All movements were measured from the zero starting position as recommended by the AAOS 9 ; rotational movements were measured in 90 degrees flexion of the hip. Normal values for range of motion in adults were used to define cut oVs for decreased motion and severe decreased motion. [10] [11] [12] SONOGRAPHIC EXAMINATION Additionally, a standardised sonographic examination was performed.
1 During this examination the patient was lying supine with the heels together and the hip externally rotated 10-15°. A 5 MHz convex array transducer was applied on the skin in the direction of the neck of the femur. When the joint capsule could be followed from the acetabulum to the point of its fixation to the neck, measurements on a magnified picture on the monitor were made. The measuring points were the lower edge of the capsule and the upper edge of the osseous. The longest ultrasonic intra-articular distance, perpendicular to the joint capsule, from the joint capsule to the femur was measured (fig 1) . Intraobserver variability for these standardised measurements were tested in healthy persons (SD of diVerences = 0.43 mm).
1 In our study all measurements were done by the same investigator, but the ultrasonic images and measurements were checked by an independent radiologist. Non-reproducible measurements because of unclear images were excluded from analysis. An ultrasonic distance of 7 mm or more, or a diVerence between both hips of 1 mm or more, were considered as intracapsular "eVusion" in the hip joint (Koski's definition 1 ). Another cut oV level of 9 mm or more for hip joint eVusion was presented by Sada et al. 13 ; we defined this as "major eVusion". In children, side diVerence in ultrasonic distance between both hips has more diagnostic value than a large ultrasonic distance alone.
14 Therefore, we also defined "asymmetrical eVusion" based on only a side diVerence in ultrasonic distance of 1 mm or more (the most symptomatic hip compared with the other hip).
RADIOLOGICAL AND LABORATORY EXAMINATION
Anterior-posterior radiographs of the pelvis and axial radiographs of both hips separately ("frog-leg" position) were taken. The radiographs were evaluated according to a standardised protocol. The qualitative assessment of radiographic features of hip osteoarthritis was performed by two observers and expressed in the Kellgren score. 15 Both investigators were blinded for each other and for the results of the physical examination. After assessment of the total sample, consensus was reached when both observers disagreed and this final outcome was used for the analysis. Radiological osteoarthritis in the dichotomous scale was defined as a Kellgren score > 2.
Measurements of joint space distance (superior and axial) 16 and the diameter of the femoral head were performed by one observer on the anterior-posterior radiograph. Intraobserver variability of these measurements was tested in a representative subset of 30 radiographs.
Increased one hour erythrocyte sedimentation rate (ESR), determined in capillary blood sample, was defined as ESR > 25 mm 1st h.
STATISTICAL ANALYSIS
The relation between hip joint eVusion according to the three diVerent definitions and other symptoms and signs was tested with logistic regression (eVusion as a dichotomy) and with Pearson's correlation test (eVusion in mm). Radiological osteoarthritis and age showed a relation with several symptoms as well as with hip joint eVusion; therefore was adjusted for these confounders. In the group of patients with unilateral hip problems (those consulting for bilateral pain or with ESR >25 mm 1st h were excluded), multivariate linear regression
Figure 1 The hip joint as seen during sonographic examination (anterior view).
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Head of the femur Femoral neck = The distance to be measured analysis was used to identify which decreased hip movement (side diVerences of joint motion as independent variables) is most related to hip eVusion (side diVerence of ultrasonic distance as dependent variable). The predictive value of side diVerences in range of motion of extension (dichotomy, side diVerence in extension >5°) in predicting "asymmetrical eVusion" was assessed. We used the SPSS+ package for Windows-95; results were considered statistically significant at p level <0.05.
Results
Of the 244 consecutive patients who were eligible for inclusion, referred by 103 diVerent general practices, 227 gave informed consent. Three cases were excluded because of comorbidity resulting in a study population of 224 patients (164 female, 60 male) with a mean age of 66 (SD 9.6) years. Of the included patients, 29 patients (13%) consulted for bilateral hip problems. Table 1 shows the diagnoses of the patients given by the general practitioner after radiological consultation of the hip. The patients from whom we received no information from the general practitioner about the final diagnosis (n=30) showed no diVerent distribution for joint eVusion, radiological osteoarthritis or age compared with the other patients. Table 2 shows that 33.8% of the patients had radiological osteoarthritis in the (most) symtomatic hip, defined as Kellgren score of 2 or more. The qualitative assessment of radiological osteoarthritis showed an agreement between the two observers of 89% and a of 0.75. Blood samples were obtained in 218 patients; the mean ESR was 12 mm 1st h (range 2-87), 17 patients (8%) had an increased ESR.
Reliable ultrasonic measurements of the (most) symptomatic hip were obtained in 212 patients and of the less or non-symptomatic hip in 213 patients; this loss was caused by hip arthroplasty (non-symptomatic side: n=8), poor ultrasonic visibility (non-symptomatic side: n=3, symptomatic side: n=9), and exclusion by the independent radiologist because of non-reproducible measurements (symptomatic side: n=3).
The mean ultrasonic distance in the (most) symptomatic hip was 6.8 mm compared with 6.5 mm in the other hip. The prevalence of ultrasonic hip joint eVusion is shown in table 3.
There was a significant correlation between the ultrasonic intra-capsular distance of both sides of the hip, even when 29 patients who had consulted for bilateral pain were excluded (r=0.74, p<0.001). Age was correlated to the ultrasonic distance (r=0.21, p=0.002); compared with unilateral complaints the correlation was stronger when the pain was bilateral. The correlation was also stronger in patients with radiological osteoarthritis (r=0.30, p=0.016) but absent in patients without osteoarthritis (r=0.12, p=0.155).
There was a slight negative correlation between the superior and the axial joint space, measured on the radiograph, and the ultrasonic distance (r=−0.18, p=0.01 and r=−0.19, p=0.008, respectively). Intraobserver variability for these joint space measurements was low (SD of diVerences: 0.26 mm and 0.23 mm, respectively). Severity of pain, showed no correlation with the ultrasonic distance in the (most) symptomatic hip; neither did the diameter of the head of the femur, measured on the radiograph.
Adjusted for age, "major eVusion" showed a positive relation (OR = 2.6, 95% confidence intervals (CI) = 1.02, 6.88) with the presence of radiological hip osteoarthritis (Kellgren scale >2). An increased ESR showed a positive relation with "major eVusion" (OR = 3.8, 95%CI = 1.05, 13.90); an even stronger relation (OR = 7.8, 95%CI = 1.69, 35.84) with increased ESR was found in bilateral major joint eVusion, present in nine patients.
Variables from medical history and physical examination, with their significance level in relation to joint eVusion in the (most) symptomatic hip, adjusted for age and radiological osteoarthritis of the hip, are presented in table 4. Severe decreased extension (<−5°or >10°s ide diVerence) showed (adjusted for age and osteoarthritis of the hip) strong relation with "major eVusion" and with "asymmetrical eVusion" (OR=10.2 95%CI = 2.7, 47.54 and OR=7.5 95%CI = 1.77, 31.57, respectively). This was not the case for the other joint motions.
With patients with increased ESR and bilateral pain excluded, multivariate linear regression analysis showed that of all hip movements, only side diVerences in extension was explanatory for side diVerence in ultrasonic distance "major eVusion" (ultrasonic distance >9 mm) 20 (9.4) 16 (7.5) "asymmetrical eVusion" (side diVerence >1 mm) 47 (22.7) 18 (8.7) (p<0.000). Other variables from medical history and physical examination added to the model showed no significant explanatory effect. Separate regression analysis for patients with and without radiological osteoarthritis showed that in the group with radiological osteoarthritis the relation is stronger (r=0.48, =0.2, p=0.001). Table 5 shows to the predictive values of a side diVerence in extension of more than 5°for "asymmetrical eVusion" in the (most) symptomatic hip, as well as the pre-test and post-test probability for this eVusion.
Discussion
We measured the ultrasonic distance in the same standardised manner that had shown reasonable repeatability.
1 With final approval of these data by an independent radiologist, we assume the ultrasonic measurements to be reliable.
Although an ultrasonic distance exceeding 7 mm was found to be abnormal in healthy adults, 1 17 a relative high prevalence of joint eVusion according to Koski's definition was found in our study population, even in the less or non-symptomatic hip. A definition based on intra-individual side diVerences in ultrasonic distance showed fewer patients with eVusion. In this latter group of patients, as in the group with "major eVusion", a stronger relation between joint eVusion and clinical symptoms was shown. Given the higher relation with clinical symptoms, we assume that "clinically significant hip eVusion" is better reflected by a definition based on intra-individual diVerences, especially in the case of unilateral problems. The strong relation between major bilateral eVusion and an increased ESR might indicate a more systemic disorder. In these Statistical signifcant relations (p <0.05) are shown in bold. *One cell was empty; no proper estimate of the odds ratio could be made. Flexion: decreased = <100°or >5°decrease in relation to the other side (d). Extension: decreased = <5°or >5°d. Abduction: decreased = <21°or >5°d. Adduction: decreased = <10°or >5°d. Internal rotation: decreased = <21°or >5°d. External rotation: decreased = <21°or >5°d. cases a definition based on intra-individual differences will not suYce. We were not able to confirm the relation between nocturnal pain or pain severity and joint eVusion, as found in pre-operative osteoarthritis patients, 7 18 which might be explained by the diVerences in study populations. In our study, especially decreased extension, but also internal rotation and flexion showed a significant relation with joint eVusion independent of age and radiological osteoarthritis. Previous studies 18 19 reported an increase in intraarticular pressure during the same movements, especially with extension and internal rotation. Lloyd-Roberts 20 demonstrated that the hip capsule is at its tightest during extension, followed by internal rotation and abduction. These authors all assumed that increased intra-articular pressure causes a decreased motion in just these movements. Pearson et al, 21 studying patients with osteoarthritis of the hip, also found that the initial loss of movement is always in extension and internal rotation, followed by decreased flexion.
In this study, several symptoms from medical history and physical examination showed a relation with both joint eVusion and radiological osteoarthritis and existed independently of each other. However, worst pain located at medial thigh and severe decreased extension showed a very strong relation with joint eVusion but not with radiological osteoarthritis; therefore, these symptoms may be specific for hip joint eVusion. We also demonstrated that in patients with asymmetrical hip problems, a side diVerence in the range of motion of extension may indicate "asymmetrical eVusion", which may be useful in cases where a referral for ultrasonic examination is inconvenient.
EVusion was more often present in patients with radiological signs of osteoarthritis, but was also seen in patients without radiological signs of osteoarthritis. In these cases the eVusion may be a preliminary sign of the degenerative process. Therefore, the prognostic value of eVusion in the hip joint in patients with early or less severe hip problems, as well as the role of eVusion in selecting eVective treatment, needs further investigation. In patients with knee osteoarthritis, intra-articular injection with corticosteroids has been shown more eVective when joint eVusion is present. 22 However, the eVectiveness and feasibility of such interventions in patients with hip osteoarthritis in primary care have not been studied yet. A study comparing non-steroidal antiinflammatory drugs with pure analgesics in patients with knee osteoarthritis 23 lacked power for subgroup analysis to explore the predictive therapeutic value of eVusion shown by physical examination.Therefore, a study in patients with osteoarthritis of the hip should determine if non-steroidal anti-inflammatory drugs are more eVective than pure analgesics especially in the subgroup of patients with hip joint eVusion (detected by sonography).
We conclude that hip joint eVusion in adults with hip pain in general practice is highly prevalent and has a relation with clinical symptoms. However, the prognostic and therapeutic relevance of hip eVusion in these patients should be evaluated in future studies before ultrasonic examination of the hip joint can be generally recommended.
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